Understanding the differential pattern of length of stay (LOS) 
Introduction
Older people often experience a decline in physical and mental health, and activities of daily living, for example, feeding, toileting and self care, can become difficult. In cases where older persons can no longer be cared for at home, assistance is required from agencies providing longterm care (LTC).
Local authorities in Great Britain play an important role in the delivery of LTC. Under the 1990 NHS and Community Care Act and the Care Standard Act 2000, local authorities are responsible for the placement and finance of adults in publicly funded residential care (RC) and nursing care (NC) that conforms to national standards. The UK government is planning to fine local authorities for failing to provide vacancies in institutional care homes for hospital discharges [7] . Therefore, it is important for local authorities to have a sound understanding of the behaviour of the LTC system.
The focus is on publicly funded residents in institutional LTC (ILTC). Since most local authorities have means of determining suitable care placements for applicants requiring public funds, these admissions will reflect residents' physical conditions and needs.
In this paper, we extend a modelling approach previously reported [9] to take into account the attributes of individuals, for example, their age and gender, etc. We demonstrate the potential use of this extended model using two case studies. 
Method

Movement of elderly people in institutional long-term care
Research in the UK shows that the mortality rate for publicly funded residents in NC is particularly high in the first few months and then gradually levels out [1, 6] . This observation supports the notion of different phases in the stay of residents in care homes. In a previous study [9] , we presented a continuous-time Markov model for the flow of elderly residents within and between RC and NC. Briefly, the model (see Figure 1 ) uses a combination of a short-stay state and a longstay state to capture the flow of residents through each type of care. For instance, a person admitted to RC might stay for a short period of time, then is either discharged (predominately by death) or transferred to NC; or the person might settle down and become a long-stay resident in RC. However, the state space of the Markov model is aggregated [4] due to the un-observability of the actual shortstay and long-stay states, i.e., we observe a person is in RC but do not know whether the person is in short-stay or long-stay state. A procedure for fitting such a model to observation data was developed (for details see [8, 9] ).
Incorporating residents' attributes
The Markov model described in the previous section assumes that transition rates (e.g., q 12 ) are constant for all residents in the system. This can be restrictive, considering the vast diversity that exists among individuals entering the ILTC system. It would be desirable for the model to take into account the attributes of individuals.
Assume there exist measurements on p covariates (or attributes) X 1 , . . . , X p for each resident upon admission to each type of care. For the kth individual, with observation x k = (1, x k1 , x k2 , . . . , x kp ), the transition probability between states i and j (i = j), where transition from i to j is possible, can be written as
where β ij is a vector of coefficients. Therefore, an attribute that has significant effect on a transition rate (hence on LOS) will have its corresponding coefficient significantly different from zero. The model parameters β ij are estimated by numerical maximisation of the likelihood function [9] .
This approach, which consists in incorporating covariates into the Markov model via a loglinear function is relatively straightforward, and similar to that taken by [3] .However, the number of parameters to be estimated grow rapidly as the number of covariates increases. 
Application
We demonstrate the usefulness of the model that incorporates residents' attributes with two applications. The data used in the applications were provided by the Housing and Social Service Departent of the London Borough of Merton, UK. The dataset contains information on LOS and movement of publicly funded residents who were admitted to ILTC between April 1997 to April 2001. In all, there were 935 records concerning 889 residents (for detail description of the dataset, see [9] ).
Given the dataset, it was found [9] that there were one state in RC and two states in NC in the Markov model of residents movements presented in section 2.1, i.e. q 12 = q 23 = q 25 = 0 in Figure 1 .
Difference in LOS pattern among residents in NC
The Markov property implies that the LOS pattern for residents directly admitted to NC is the same as those transferred from RC. However, there might be reasons to believe that a person who spent a long time in RC might also stay for a long time in NC. We use our model to investigate possible differences in LOS pattern among NC residents, i.e., between those admitted to NC directly and those transferred from RC.
We treated LOS in RC (being zero for those who were admitted to NC directly) as an attribute of a resident. Two different ways of incorporating this attribute into the model were considered -namely, Model 1: LOS in RC as a continuous variable; Model 2: previous presence in RC as a binary variable, where "1" represents having stayed in RC prior to admission to NC. Therefore, Comparisons between these (nested) models, based on the likelihood ratio test (LRT) statistics, did not show that the incorporation of the attribute provided significant improvement over the base model, judging at 5% significant level (Model 0 vs. Model 1: X 2 = 5.36, p = 0.1473; Model 0 vs. Model 2: X 2 = 4.60, p = 0.2035). Therefore, the fitted result did not suggest that there was a significant difference in LOS pattern between NC residents transferred from RC and those admitted directly. This finding was also consistent with the result of a formal hypothesis test (log-rank test, W L = 1.875, p = 0.1709) and a visual inspection of the data (see Figure 2 ).
Difference in LOS pattern due to gender
A recent national survey in care homes in England showed that survival prospect was particular poor for publicly funded male residents admitted to NC, especially in the first few months following admission [1] . We can use our model to study whether there is a significant difference in LOS pattern between male and female residents in ILTC, and to quantify this difference if it exists. The London Borough of Merton also provided information on gender for the group of residents presented in our dataset. However, due to missing information on some of the residents, the number of records used in this application was slightly reduced to 861.
We parameterised the model to incorporate gender as an attribute. More specifically, the transition rate between state i and state j (where transition from states i to state j is possible) for the kth person is written as q ij,k = exp(a ij + b ij x k ), where x k = 1 if the person is male and x k = 0 otherwise.
The model was fitted to the Merton dataset with the attribute entering each transition rate in a sequential manner. Competing models were tested by the LRT statistic. The final model showed that gender had a significant influence on transition rates q 13 and q 34 (see Table 1 ).
The average LOS for male residents in RC is estimated to be 819 days or 2.2 years (estimated by (e a 13 +b 13 + e a 15 ) −1 ), which is shorter than that of female residents (1011 days or 2.8 years). Upon leaving RC, 18% female residents and 34% male residents (estimated by e a 13 +b 13 /(e a 13 +b 13 +e a 15 )) will be transferred to NC. In other words, on average, male residents have a shorter stay in RC, and are 16% more likely to make the transition from RC to NC than female residents.
The fitted result also suggests that there exist significant differences in short-stay patterns between genders. On average, male residents stay almost twice as long as female residents in the short-stay state (98 days for male, and 51 days for female). However, after this settle-in period, male residents in NC are 22% less likely to make the transition from short-stay to long-stay, i.e., male residents are more likely to be discharged earlier than female residents. Figure 3 shows the survivor curves estimated by the Kaplan-Meier estimator [5] and by the Markov model for both genders in RC and NC. The difference in LOS pattern between male and female residents following admission is apparent in both plots. However, in the case of NC, that difference diminishes as time passes, i.e., the LOS pattern in NC tends to be the same for both genders once residents settle in their new care environment.
Conclusion
In this paper, we have developed a model for the movement of elderly people in ILTC that takes into account residents' attributes. Using data provided by an English local authority, we have demonstrated in two case studies that such a model is able to give finer insights into the behaviour of the flow of residents in the care system, and can be a useful decision support tool for improving resident care management. In particular, our model provides quantitative support to the observations that male residents admitted to NC take more time to settle down [1, 2] and have poorer short-term survival prospect than female residents [2] .
